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SPECIFICATION 



FLOOR LAYING MATERIAL, PIECE MAT, 



AND ARRANGING STRUCTURE THEREOF 



TECHNICAL FIELD 



The present invention relates to a floor laying material which is laid on 
a floor panel of a cabin in a vehicle for reducing noise within the cabin of the 
vehicle, a piece mat which is arranged on the floor laying material, and an 
arranging structure thereof. 



Conventionally, for reducing noise in spaces of an automobile such as 
a passenger's cabin, a baggage room, an engine room and the like, it has 
been known that an important element is the control of a flow resistance 
value (permeability) of a laying material laid in the spaces of the automobile, 
specifically, a carpet and a dash silencer as interior materials, and another 
trim material. 

Prior arts related to the control of such a flow resistance value are 
disclosed in JP-51-112889-A, JP-56-142054-A, JP-59-186750-A and the like. 
These prior arts are all intended to enhance the sound absorbing property of 
a silencer by setting the penmeability of the silencer within predetemiined 
range. 

In regard to this type of prior art. Published Japanese Translation of 
PCT International Publication for Patent Application No.2000-516175 
(PCT/CH97/00412) makes the most detailed investigations on the flow 
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resistance value of laying materials. 

This Published Japanese Translation of PCT International Publication 
for Patent Application No.2000-516175 discloses "a multi-functional kit for 
noise reduction which comprises at least one areal vehicle part, and a noise 
5 reduction assembly package made up of a plurality of layers", the noise 

reduction assembly package including a "microporous stiffening layer." This 
stiffening layer is designed to have a total flow resistance value of Rt =500 
Nsm-3 to Rt =2500 Nsm-3, in particular, a total flow resistance value from Rt 
=900 Nsm-3 to Rt =2000 Nsm-3. The flow resistance value of this stiffening 

10 layer is much lower than the flow resistance value which has been 

conventionally disclosed. The prior art technique disclosed in the national 
phase publication is intended to achieve a high sound absorbing property in 
a region ranging from an intermediate frequency region to a high frequency 
region by defining the flow resistance value of the stiffening layer in this 

15 manner. 

It should be noted that the prior art disclosed in Published Japanese 
Translation of PCT International Publication for Patent Application No.2000- 
516175, which is intended to control the flow resistance value of the 
assembly to prevail silence within an automobile cabin, does not take into 

20 consideration modifications made by a user who has purchased an 

automobile, which may disturb the balance of the flow resistance value of the 
assembly. For example, if the assembly includes a floor laying material 
which largely affects sound absorption within the cabin, an optional 
antifouling piece mat laid by a user on the floor laying material below his feet 

25 would cause a change in the balance of flow resistance value, thereby failing 
to exhibit the sound absorbing property intended by the original design. 
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Particularly, with a floor laying material designed to rely on the flow 
resistance value for the sound absorbing property, there is a risk that the 
noise level may become higher than that of the original design when the 
balance is lost. 

5 Therefore, a piece mat or the like should not be laid on the prior art 

assembly (floor laying material). In general, automobile manufacturers sell 
automobiles without setting an option for a piece rhat. But many users who 
do not have expert knowledge on acoustic designing may purchase by 
themselves commercially available piece mats for laying on the assembly 

10 (floor laying material). This leads to a change in the flow resistance value of 
the assembly (floor laying material), thus failing to provide a quietness, as 
originally designed, within the automobile cabin. 

It may be possible to dissuade the user from laying a piece mat on the 
assembly (floor laying material) by educating the user through an instruction 

15 manual or the like. However, even if this is succeeded, secondary problems 
may arise as described below. 

Some moisture or the like, sticking to passenger's feet, is inevitably 
introduced into the automobile cabin (particularly, on the floor at the 
passenger's feet). When no piece mat is used, the moisture or the like 

20 introduced into the cabin will sink into the floor laying material over the years, 
and possibly stain the floor laying material and increase the flow resistance 
value of the floor laying material than the initial value. This also results in a 
change in the flow resistance value, thereby failing to provide the quietness, 
as originally designed, within the automobile cabin. 

25 For the sound absorbing property within an automobile cabin, JP- 

2001-47926, which is an eariier application of the present application. 
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discloses a sound absorbing effect when a single piece mat is laid. 
Conventionally, however, there has been no example of researches on the 
effect of a combination of a floor laying material and a piece mat. 

Since many of conventional piece mats are intended for antifouling 
5 and waterproof, they are made of molded resin mats or rubber mats. For 
this reason, many of the conventional piece mats have no permeability and 
exhibit infinite flow resistance value. Such piece mats have sound wave 
reflecting property rather than sound wave reflecting property within the 
cabin of the automobile. Thus, a piece mat laid in a cabin of an automobile 

10 would reduce the sound absorbing property within the automobile cabin, 

resulting in a higher noise level. The inventors have confirmed this fact by a 
test using an actual automobile. 

The present invention has been made in view of the problems 
encountered with the foregoing prior arts, and its object is to provide a floor 

15 laying material, a piece mat, and an arranging structure thereof whose sound 
absorbing property and sound insulating property are optimized. 

DISCLOSURE OF THE INVENTION 
A floor laying material according to the present invention includes a 
20 carpet layer having its front-to-back flow resistance value adjusted between 
100 Nsm-3 and 1000 Nsm-3, and a buffer material layer made of a material 
having an air wrapping property, having its front-to-back flow resistance 
value adjusted between 40 Nsm-3 and 800 Nsm*3, and layered on the back 
surface of the carpet layer. 
25 By adjusting the front-to-back flow resistance value In particular of the 

carpet layer to be between 100 Nsm-3 and 1000 Nsm-3, the sound 



4 



absorbing properties of the floor laying material according to the present 
invention has been improved. 

The sound absorption rate may be calculated by the following 
5 equation (1): 

Absorption Rate = 4Rn/{(Rn+1 )2 + Xn2} „, Equation (1 ) 
where an acoustic resistance Rn has a value between one and two, and an 
acoustic reactance Xn indicates a higher sound absorption rate as it is closer 
to zero. 

10 According to the above equation, the values of the acoustic resistance 

Rn and acoustic reactance Xn, which are parameters of the sound 
absorption rate are within a range in which the sound absorption rate is 
increased when the flow resistance value is in a range between 100 Nsm-3 
and 500 Nsm-3. As the flow resistance value exceeds 500 Nsm-3, the 

15 value of Rn gradually deviates from the range in which the sound absorption 
rate is increased, and as the flow resistance value exceeds 1000 Nsm-3, 
both the values of Rn, Xn deviate from the range in which the sound 
absorption rate is increased. While the sound absorption rate is increased 
as well when the flow resistance value is adjusted to be less than 100 Nsm-3, 

20 this is not practically favorable because in this case, a reduction is caused in 
the strength for bearing a pile and the like which constitute the design of the 
carpet layer, thus making the pile or the like more susceptible to come off. 
From this fact, it can be understood that a certain degree of effect can be 
practically provided with respect to an improvement on the sound absorbing 

25 property by adjusting the front-to-back flow resistance value of the carpet 
layer to be between 100 Nsm-3 and 1000 Nsm-3. 
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In view of the foregoing, tlie flow resistance value of the carpet layer 
is preferably adjusted between 100 Nsnn-3 and 500 Nsm-3, 

Joining strips made of a thermoplastic resin may be discontinuously 
arranged on the back surface of the carpet layer, such that the carpet layer 
5 and the buffer material layer are layered through the joining strips. When 
the joining strips made of a thermoplastic resin are discontinuously arranged 
on the back surface of the carpet layer, the buffer material layer can be 
adhered on the back surface of the carpet layer by heating the joining strips 
to sep/e as an adhesive without largely changing the flow resistance value of 

10 the carpet layer. 

A molding material made of a thermoplastic resin formed in a powder 
or a fiber state may be dispersed within the carpet layer. 

Arranging the carpet layer dispersed therein with a molding material 
made of a thermoplastic resin formed in a powder or a fiber state as in the 

IS present invention makes it possible to adjust the flow resistance value of the 
carpet layer. An approach to provide such a molding material dispersed in 
the carpet layer may suitably involve uniformly mixing the molding material in 
the carpet layer, or uniformly dispersing the molding material between 
multiple layers which make up the carpet layer, and the like. The molding 

20 material thus dispersed in the carpet layer is plasticized by the heat which is 
applied when the carpet layer is molded to impart a molding property (shape 
maintaining property) to the carpet layer, and substantially enters into 
meshes of the fibrous carpet layer, while losing somewhat powder or fibrous 
fomn by a pressing force applied upon molding of the carpet layer, to be 

25 "filled in" part of meshes of the carpet layer. Within the carpet layer thus 
molded, the meshes "filled" with the molding material does not have 
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permeability, while meshes not "filled" has permeability. Thus, by changing 
a proportion of mashes which are "filled" In the carpet layer, the flow 
resistance value of the carpet layer can be readily adjusted. 

For example, the flow resistance value of the carpet layer can be 
5 readily adjusted by setting the size and arranging density of the powdery or 
fibrous molding material in accordance with molding conditions such as the 
temperature, a pressing force and the like upon molding of the carpet layer. 
In addition, changing the arranging density of the molding material can cause 
the flow resistance value of the carpet layer to partially change. On the 
10 other hand, when a conventional continuous sheet-like backing material is 
used as a material to impart the molding property to the carpet layer. It Is 
difficult to finely adjust or partially adjust the flow resistance value of the 
carpet layer. 

The flow resistance value of the carpet layer of the floor laying 
15 material laid at a position relatively near a prime mover equipped In the 
vehicle is preferably set to be lower than the flow resistance value of the 
carpet layer of the floor laying material laid at a position relatively far away 
from the prime mover. This makes it possible to reduce noise within the 
vehicle cabin caused by the prime mover. 
20 The buffer material layer may be provided to have a thickness of 5 

mm or more when it is laid on the floor panel. Further, the thickness of the 
buffer material layer may be 20 mm or more. The buffer material layer, 
which is made of a material having an air wrapping property, provides an air 
layer between the carpet layer and floor panel to contribute to a reduction in 
25 the noise level within the cabin. When the buffer material layer has the flow 
resistance value adjusted between 40 Nsm-3 and 800 Nsm-3 as mentioned 
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above, its thickness chosen to be 5 mm or more, and preferably 20 mm or 
more is effective in reducing the noise level within the cabin, 

A piece mat according to the present invention includes a knitted pile 
layer having knitted pile yarn; a base cloth layer bearing the knitted pile layer; 
5 and a cushion material layer layered on the back surface of the base cloth 
material through discontinuously arranged joining strips made of a 
thermoplastic resin, wherein a flow resistance value from the top surface of 
the knitted pile layer to the back surface of the cushion material layer is 
adjusted between 100 Nsm-3 and 1500 Nsm-3. 

10 An investigation made by the present inventors, it showed that the 

arrangement of a piece mat having a flow resistance value between 100 
Nsm-3 and 1500 NSm-3 on the floor laying material according to the present 
invention is optimal in reducing the noise level within the cabin. 

When the flow resistance value of the piece mat lies within this range, 

15 the sound absorbing property can be further improved in a composite 
(arranging structure) composed of the floor laying material of the present 
invention and the piece mat of the present invention arranged thereon, when 
the flow resistance value of the piece mat is 500 Nsm-3 or less than when 
the floor laying material alone is arranged, as will be described with 

20 reference to Figs. 7 to 9 in examples described below. Also, when the flow 
resistance value of the piece mat is larger than 500 Nsm-3, the sound 
absorbing property is degraded at certain frequencies, but the degradation 
can be compensated for by an improvement on a transmission loss (sound 
insulating property) resulting from the arrangement of the piece mat. In 

25 other words, by arranging the piece mat of the present invention, the flow 
resistance value of which is within the aforementioned range, on the floor 



laying material of the present invention, the noise level within the cabin can 
be reduced as compared with the case where no piece mat is arranged on 
the floor laying material, or with the case where a conventional impermeable 
piece mat, which completely hinders the sound absorbing property of the 
5 floor laying material, is arranged on the floor laying material. 

Note that when the flow resistance of the piece mat exceeds 1 500 
Nsm-3, the sound absorbing property is degraded so largely that the 
degradation cannot be compensated for by an improvement on the 
transmission loss (sound insulating property), provided by arranging the 

10 piece mat. As a result, the noise level within the cabin can be reduced as 
compared with the case where a conventional impermeable piece mat is 
an^anged, but is higher than when the piece mat is not arranged. On the 
other hand, the sound absorption rate increases even when the flow 
resistance value of the piece mat is reduced to less than 100 Nsm-3, in 

15 which case, however, the effect of bearing the knitted pile layer is reduced, 
causing the pile to be more susceptible to come off, and the like, so that this 
is not practically favorable. 

Further, a flow resistance value from the top surface of the knitted pile 
layer to the back surface of the base cloth layer adjusted between 80 Nsm-3 

20 and 700 Nsm-3, and a flow resistance value from the front to the back 

surface of the cushion material layer adjusted between 40 Nsm-3 and 1000 
Nsm-3 are preferable in reducing the noise level within the cabin when the 
piece mat of the present invention is arranged on the floor laying material of 
the present invention. 

25 An arranging structure of a floor laying material with a piece mat 

according to the present invention is composed of the aforementioned piece 
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mat of the present invention an-anged on the aforementioned floor laying 
material of the present Invention. 

According to the arranging structure of the present Invention, the floor 
laying material and piece mat can demonstrate the optimal sound absorbing 
5 properties and sound insulating properties respectively exhibited thereby in 
the cabin. Even when the floor laying material of the present invention 
alone Is arranged within the cabin, the sound absorbing property is improved 
over the case where a conventional floor laying material is arranged, thus 
mal<ing it possible to reduce the noise level within the cabin. However, by 
10 further arranging the piece mat of the present invention on the floor laying 
material of the present invention, the noise level within the cabin can be 
further reduced by synergy effects of the sound absorbing properties and 
sound insulating properties respectively exhibited by the floor laying material 
and piece mat. 

15 Further, a portion on the surface of the carpet layer of the floor laying 

material on which the piece mat is arranged may be made lower than the 
remaining portion. According to this, even if the user attempts to lay a 
commercially available piece mat which Is not conformal to the shape of a 
position at which the piece mat is laid on the floor laying material, It cannot 

20 be completely fitted thereon, so that a un-genulne piece mat can be 
prevented from being arranged. Also, since the user more readily 
recognizes the position at which the piece mat is arranged, the piece mat is 
not likely to be arranged at an erroneous position at which the sound 
absorbing property is not optimized even If the piece mat Is arranged. 

25 Moreover, arranged piece mat is less susceptible to a shift in position. 

Also, the sound absorbing property and sound insulating property 

10 



exhibited by the arranging structure of the present invention can be optimally 
demonstrated by adjusting a portion comprised of the carpet layer of the floor 
laying material and the piece mat in a region in which the floor laying material 
overiaps with the piece mat to be between 1500 g/m2 and 4500 g/m2 per 
5 unit area, and adjusting a flow resistance value from the top surface of the 
piece mat to the back surface of the carpet layer to be between 1 50 Nsm-3 
and 1800 Nsm-3. 

Further, at least one of the floor laying material and the piece mat may 
Include at least one of a water-repellent layer made of a water repellent 

10 material which rejects water, and a water absorbing layer made of a material 
which absorbs water. In this way, for example, moisture or the like sticking 
at the feet of passengers and introduced into the cabin can be prevented 
from impregnating into the piece mat or floor laying material, so that the 
sound absorbing property and sound insulating property exhibited by the 

15 piece mat and floor laying material can be prevented from being degraded by 
such moisture or the like. 

Further, the buffer material layer of the floor laying material and the 
cushion material layer of the piece mat may be formed with a large number 
of pores which wrap air at least in a portion thereof. In this way, it is 

20 possible to improve the cushioning property of the overall arranging structure, 
and adjust the sound absorbing property and sound insulating property. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view illustrating a floor laying material 
25 according to an embodiment of the present invention; 

Fig. 2 is a graph showing a noise level at the positions of ears of a 
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driver and a passenger on a rear seat in a cabin; 

Fig. 3 is a graph showing the result of measuring the noise level at 
intervals of 25 cm from a position close to a carpet layer at the feet of the 
driver to the position of the ear of the driver within the cabin for 160 Hz and 
250 Hz which are frequencies at which the noise level is the highest; 

Fig. 4 is a graph showing the result of measuring the noise level at 
Intervals of 25 cm from a position close to the carpet layer at the feet of the 
passenger on the rear seat to the position of the ear of the passenger on the 
rear seat within the cabin for 1 60 Hz and 250 Hz which are frequencies at 
which the noise level is the highest; 

Fig. 5 is a cross-sectional view illustrating a piece mat according to an 
embodiment of the present invention; 

Fig. 6 is a cross-sectional view illustrating the state in which the piece 
mat illustrated in Fig. 5 is laid on the floor laying material illustrated in Fig. 1; 

Fig. 7 is a graph showing the result of measuring a vertically incident 
sound absorption rate in a range of 400 to 4000 Hz within a laboratory; 

Fig. 8 is a graph showing the result of measuring a transmission loss 
in a range of 400 to 4000 Hz within the laboratory; and 

Fig. 9 is a graph showing the result of measuring the noise level, 
using an actual automobile, at the position of the ear of the driver within the 
automobile cabin. 

BEST IVIODE FOR CARRYING OUT THE INVENTION 
(Floor Laying Material) 

Fig. 1 is a cross-sectional view illustrating a floor laying material 
according to an embodiment of the present invention. 
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Floor laying material 10 according to this embodiment, which is laid on 
a floor panel in a cabin of an automobile, comprises carpet layer 1 1 having 
discontinuous joining strips 11a made of a thermoplastic resin on the back 
surface; and a buffer material layer 12 layered on the back surface of carpet 
5 layer 1 1 through joining strips 11a. 

Carpet layer 1 1 preferably contains a molding material (not shown) 
made of a melt fiber, powder or the like, the melting point temperature of 
which is relatively low. In this case, the melt fiber or powder is preferably 
distributed substantially uniformly within carpet layer 11. Used as a 

10 technique for distributive^ mixing the melt fiber or powder within carpet layer 
11 may be a technique for uniformly mixing the melt fiber or powder within 
carpet layer 1 1 , or a technique for uniformly dispersing the molding material 
between a plurality of layers which make up carpet layer 1 1 . 

Floor laying material 10, which is laid on a floor panel within an 

15 automobile cabin that Includes a lot of non-planar regions, must be molded in 
a shape conformal to the floor panel. When carpet layer 1 1 contains the 
melt fiber or powder, the melting point of which is relatively low, the plasticity 
develops by heating carpet layer 1 1 , thereby making it possible to readily 
mold carpet layer 1 1 In the shape conformal to the floor panel within the 

20 automobile cabin. 

Further, the melt fiber or powder contained in carpet layer 1 1 
contribute to interiocking of fibers, which make up carpet layer 1 1 , to each 
other, and can also be used for adjusting the flow resistance value of carpet 
layer 1 1 within a target range. 

25 On the other hand, joining strips 11a are formed by dispersing, for 

example, a low-melting point thermoplastic resin, having a relatively low 
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melting point, on the back surface of carpet layer 1 1 in a powder form or In a 
fiber form. The areal density of the dispersion in this event is preferably in a 
range of 30 to 200 g/m2. According to this, after joining strips 11a made of 
a low-melting point thermoplastic resin are dispersed on the back surface of 
5 carpet layer 1 1 , joining strips 11a are directly heated, or Is Indirectly heated 
by heating carpet layer 1 1 , thereby causing joining strips 1 1 a to plasticize. 
Then, buffer material layer 12 is adhered to the back surface of carpet layer 
11 when joining strips 11a are plasticizing. Consequently, plasticizing 
joining strips 11a interlocks with carpet layer 11 and buffer material layer 12, 

10 and adheres the two when it solidifies. In this event, since carpet layer 11 
and buffer material layer 12 are discontinuously adhered by dispersed joining 
strips 11a on a point-to-point basis, the permeability exhibited by carpet layer 
1 1 will not be lost. 

Carpet layer 1 1 is not provided with a backing or the like which has 

IS the nature of blocking ventilation, and has its front-to-back flow resistance 
value adjusted between 100 Nsm-3 and 1000 Nsm-3, preferably between 
100 Nsm-3 and 500 Nsm-3. As a means for adjusting the flow resistance 
value of carpet layer 11, any means is possible, and for example, pores 
partially pierced through carpet layer 1 1 is included as well. 

20 A material suitable for buffer material layer 12 has an air wrapping 

property, and is a "firm" one which has a resiliency enough to withstand 
pressures. As a material for buffer material layer 1 2, for example, there is a 
mixed fiber mat made of polyester fiber (95 - 50 wt%) and a low-melting point 
thermoplastic fiber (5 - 50 wt%), described in Japanese Utility Model 

25 Registration No. 25557108. Other than this, a resin foam such as urethane 
foam or the like can be used as the material for buffer material layer 12. 
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Buffer material layer 1 2 preferably has a thickness of 5 mm or more 
when it is laid, and preferably 20 mm or more. While buffer material layer 
12 may be molded, a thickness of 5 mm or more Is ensured substantially 
over all sites. Also, buffer material layer 12 has its flow resistance value 
5 adjusted between 40 Nsm-3 and 800 Nsm-3. Buffer material layer 12, 
which is made of a material having the air wrapping property, as mentioned 
above, provides an air layer between carpet layer 1 1 and floor panel (not 
shown), thus contributing to a reduction in noise level within the cabin. In 
addition, when buffer material layer 12 has the flow resistance value adjusted 
10 between 40 Nsm-3 and 800 Nsm-3, its thickness adjusted to be 5 mm or 
more, and preferably 20 mm or more is effective for reducing the noise level 
within the cabin. 

Note that even a material poor In the air wrapping property can be 
used as a material for buffer material layer 12 by piercing a large number of 

15 holes therethrough to provide the material with an air wrapping property. 

For example, in a vertical wall portion such as a tunnel which requires rigidity 
for a laying material (carpet layer), a hard sheet or the like, which does not 
tend to wrap air, must be laid as buffer material layer 12. Even in this case, 
the hard sheet or the like can be provided with an air wrapping property by 

20 piercing the hard sheet or the like. 

Also preferably, the flow resistance value of carpet layer 11 of floor 
laying material 10 placed at a position relatively close to a prime mover 
(engine) of an automobile is set lower than the flow resistance value of 
carpet layer 1 1 of floor laying material 1 0 placed at a position relatively away 

25 from the engine. In this way, it is possible to reduce noise due to the engine 
within the cabin. 
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In the following, description will be made on the results of experiments 
which demonstrate the reason for which the noise within the cabin is reduced 
by the foregoing configuration. 

The inventors ran an experimental vehicle, which was a sedan type 
5 automobile provided with an engine, the displacement of which is 3000 cc, 
on the front side, at a velocity of 60 km per hour on a dynamo which 
corresponded to a rough road surface to measure the noise levels with 
microphones mounted at a variety of locations within the automobile cabin 
when a floor laying material having a carpet layer A, the flow resistance 

10 value of which is 400 Nsm-3 was laid within the automobile cabin, and when 
a floor laying material having a carpet layer B, the flow resistance value of 
which is 2000 Nsm-3 was laid 

Fig. 2a is a graph showing the noise level at the position of an ear of a 
driver within the cabin (at a position at which the driver hears noise), and Fig. 

IS 2b is a graph showing the noise level at the position of an ear of a passenger 
on a rear seat within the cabin (at a position at which the passenger on the 
rear seat hears noise). It can be seen from Figs. 2a, 2b that the noise level 
is higher at frequencies of 160 Hz and 250 Hz both at the position of the ear 
of the driver and at the position of the ear of the passenger on the rear seat. 

20 It can be further seen from Fig. 2a that the noise level at 160 Hz and 250 Hz 
is lower at the position of the ear of the driver with the carpet layer A having 
a smaller flow resistance value, and from Fig. 2b that the noise level at 160 
Hz and 250 Hz is lower at the position of the ear of the passenger on the rear 
seat with the carpet layer B having a larger flow resistance value. 

25 Figs. 3a and 3b are graphs showing the results of measuring the 

noise level at intervals of 25 cm from a position in close proximity to the 
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carpet layer at the driver's feet (at a position distanced by 5 cm above the 
surface of the carpet layer) to the position of the ear of the driver (at a 
position distanced by 130 cm above the surface of the carpet layer) within 
the cabin for the frequencies 160 Hz and 250 Hz at which the highest noise 
5 level was measured. Fig. 3a shows the case with 160 Hz, while Fig. 3b 
shows the case with 250 Hz. 

Also, Figs. 4a and 4b are graphs showing the results of measuring the 
noise level at intervals of 25 cm from a position in close proximity to the 
carpet layer at the feet of the passenger on the rear seat (at a position 

10 distanced by 5 cm above the surface of the carpet layer) to the position of 
the ear of the passenger on the rear seat (at a position distanced by 105 cm 
above the surface of the carpet layer) within the cabin for the frequencies 
160 Hz and 250 Hz at which the highest noise level was measured. Fig. 4a 
shows the case with 160 Hz, while Fig. 4b shows the case with 250 Hz. 

15 It can be seen from Figs. 3a. 3b and Figs. 4a, 4b that the noise level 

varies depending on the distance from the carpet layer. Presumably, this is 
because a spatial acoustic mode within the automobile cabin varies 
depending on the position due to the flow resistance value of the carpet layer. 
Now, paying attention to the position of the ear of the driver (at the 

20 position distanced by 130 cm above the surface of the carpet layer) and the 
position of the ear of the passenger on the rear seat (at the position 
distanced by 105 cm above the surface of the carpet), it can be seen that the 
noise level at the position of the driver was lower when the carpet layer A 
was used (see Figs. 3a, 3b), while the noise level at the position of the ear of 

25 the passenger on the rear seat was lower when the carpet layer B was used 
(see Figs. 4a, 4b). In other words, it can be understood that the noise level 
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can be generally reduced within the cabin by setting a relatively low flow 
resistance value of carpet layer 1 1 at the position of the ear of the driver, 
which is a position relatively near the engine, and setting a relatively high 
flow resistance value of carpet layer 1 1 at the position of the ear of the 
5 passenger on the rear seat, which is a position relatively away from the 

engine. The difference of the flow resistance value of carpet layer 1 1 which 
should be provided between a position relatively near the engine and a 
position relatively away from the engine is preferably set one by one 
depending on the shape of the cabin and the like such that well-balanced 
10 sound absorbing property and sound insulating property can be exerted over 
the whole cabin. 

While the foregoing has shown an example of adhering carpet layer 
11 and buffer material layer 12 using joining strips 11a, carpet layer 11 and 
buffer material layer 12 need not be necessarily adhered to each other, and 
15 for example, the configuration may be such that carpet layer 1 1 is simply 
placed on buffer material layer 12. 
(Piece Mat) 

Fig. 5 is a cross-sectional view illustrating a piece mat according to an 
embodiment of the present invention. 

20 As illustrated in Fig. 5, piece mat 20 of this embodiment comprises 

knitted pile payer 21 made of knitted pile yarn; base cloth layer 22 which 
bears knitted pile layer 21; and cushion material layer 24 layered with 
discontinuous joining strips 23 intervening between the back surface of base 
cloth layer 22 and cushion material layer 24, and has permeability from the 

25 top surface of knitted pile layer 21 to the back surface of cushion material 
layer 24. This piece mat 20 is preferably fabricated by laying base cloth 



layer 22 which bears knitted pile layer 21 on cushion material layer 24 with 
discontinuously arranged joining strips 23 made of low-melting point 
thermoplastic resin sandwiched therebetween, plasticizing joining strips 23 
by heating it with ventilation by a suction heater (not shown), and thereafter 
5 pressing base cloth layer 22 and cushion material layer 24 with a press roller 
(not shown). 

Piece mat 20 preferably has its periphery fused together with base 
cloth layer 22 and cushion material layer 24 for trimming. The cut surface 
trimmed by fusing has an improved aestheticity. When base cloth layer 22 

10 and cushion material layer 24 are made of a thermoplastic material, the 

periphery of piece mat 20 can be fused, for example, by irradiating laser light 

Materials used for the respective components (knitted pile layer 21, 
base close layer 22, cushion material layer 24) of piece mat 20 can be the 
same types of materials as carpet layer 1 1 and buffer material layer 12 of the 

15 aforementioned floor laying material 10. As preferred examples, 

polypropylene fibers or nylon fibers at 500 - 1300 g/m2 per unit area having a 
pile height of 5 to 1 5 mm can be used for knitted pile layer 21 ; a polyester 
span bond at 80 to 1 50 g/m2 per unit area having the back surface of a base 
cloth applied with latex work at relatively low weight per unit area can be 

20 used for base cloth layer 22; and polyester unwoven fabric at 100 to 700 
g/m2 per unit area of 2 to 5 mm thick or soft urethane foam at 40 to 500 
g/cm2 per unit area of 2 to 5 mm thick, which has regular fibers (70 - 90 wt%), 
the fiber size of which is 4 to 30 denir mixed with low melting point fibers, the 
fiber size of which is 2 to 6 denir (10-30 wt%), can be used for cushion 

25 material layer 24. 

When the flow resistance value from the top surface of knitted pile 
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layer 21 to the back surface of cushion material layer 24 of piece mat 20 is 
adjusted between 100 Nsm-3 and 1500 Nsm-3, the sound absorbing 
property and sound Insulating property are enhanced when piece mat 20 is 
placed on floor laying material 10 (see Fig. 1), thus reducing noise within the 
5 cabin. For adjusting the sound absorbing property and sound Insulating 
property, cushion material layer 24 and the lil<e may be pierced. 

For the flow resistance value of knitted pile layer 21 and base cloth 
layer 22 and the flow resistance value of cushion material layer 24, in this 
embodiment, the flow resistance value from the top surface of knitted pile 

10 layer 21 to the back surface of basic cloth layer 22 is adjusted between 80 
Nsm-3 and 700 Nsm-3, and the front-to-back flow resistance value of 
cushion material layer 24 is adjusted between 40 Nsm-3 and 1 000 Nsm-3. 
(Arranging Structure of Floor Laying Material and Piece Mat) 

Fig. 6 is a cross-sectional view illustrating a state where the piece mat 

15 illustrated in Fig. 5 is arranged on the floor laying material illustrated in Fig. 1. 

For allowing the arranging structure comprised officer laying material 
10 and piece mat 20 arranged thereon to exert an optimal sound absorbing 
property and sound insulating property, the best technique will involve 
conducting an actual vehicle running test, measuring a noise level within the 

20 cabin in which piece mat 20 is placed at each position on floor laying material 
10, and finding an optimal position at which piece mat 20 should be anranged 
for each actual vehicle. 

However, from the results of previously measuring noise levels for a 
large number of different automobiles and analyzing the noise levels utilizing 

25 software, it has been found that the following criteria (1 ) - (3) must be 

generally satisfied for an optimal arrangement of piece mat 20 on floor laying 
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material 10 in order to reduce the noise level within the cabin. 

(1 ) A portion comprised of carpet layer 1 1 of floor laying material 1 0 
and piece mat 20 in a region in which floor laying material 10 overlaps with 
piece mat 20 is adjusted between 1500 g/m2 and 4500 g/m2 per unit area, 

5 and the flow resistance value from the top surface of piece mat 20 to the 
back surface of carpet layer 11 is adjusted between 150 Nsm-3 and 1800 
Nsm-3. 

(2) At least portions below the feet of passengers (at the feet of at 
least passengers on front seats for a passenger car) are flat. 

10 (3) No gap is produced in a divided portion of piece mat 20 or 

between piece mat 20 and floor laying material 10. 

Thus, an optimal sound absorbing property and sound insulating 
property can be achieved for the arranging structure by constructing the 
arranging structure to comply with the foregoing criteria without relying on an 

IS actual vehicle test. In the arranging structure of the floor laying material 
with the piece mat illustrated in Fig. 6, within sound waves present in the 
cabin, component Ni travelling in the direction of piece mat 20 passes 
through piece mat 20, reaches floor laying material 10, and is absorbed by 
floor laying material 10 at a high ratio. For this reason, within component 

20 Ni which has reached floor laying material 10. component N2 reflected by 
floor laying material 10 is largely reduced, thus reducing the noise within the 
cabin. 

Piece mat 20 preferably has elasticity to deform in conformity to the 
shape of a position on which it is laid on floor laying material 10, so that a 
25 large gap is not left between piece mat 20 and floor laying material 10 when 
it is laid on floor laying material 10. 
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A portion on the surface of carpet layer 1 1 (see Fig. 1 ) of floor laying 
material 10 on which piece mat 20 is laid is made lower than the remaining 
portion. Thus, even if the user attempts to lay a commercially available 
piece mat which is not conformal to the shape of a position at which piece 
5 mat 20 is laid on floor laying material 10, it cannot be completely fitted 
thereon, so that a un-genuine piece mat can be prevented from being 
arranged. Also, since the user more readily recognizes the position at 
which piece mat 20 is arranged, the piece mat is not likely to be arranged at 
an erroneous position at which the sound absorbing property is not optimized 

10 even if the piece mat is arranged. Moreover, arranged piece mat 20 is less 
susceptible to a shift in position after it has been arranged. 

As a technique for making the portion on the surface of carpet layer 
11 of floor laying material 10, on which piece mat 20 is arranged, lower than 
the remaining portion, a technique for molding this portion lower than the 

15 remaining portion may be used when carpet layer 1 1 is molded, or as 

illustrated in Fig. 6, a technique may be employed for making the height of 
the pile in a portion of the surface of carpet 1 1, on which piece mat 20 is 
arranged, lower than the pile in the remaining portion. 

Also, at least one officer laying material 10 and piece mat 20 is 

20 preferably provided with at least one of a water-repellent layer made of a 
water repellent material which rejects water, and a water absorbing layer 
made of a material which absorbs material. In this way, for example, 
moisture or the like sticking at the feet of passengers and introduced into the 
cabin can be prevented from impregnating into piece mat 20 or floor laying 

25 material 10, so that the sound absorbing property and sound insulating 
property exhibited by piece mat 20 and floor laying material 10 can be 
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prevented from being degraded by such moisture or tlie like. 

Further, buffer material layer 12 (see Fig. 1) of floor laying material 10 
and cushion material layer 24 (see Fig. 5) of piece mat 20 may be provided 
with a large number of air wrapping pores at least in a portion thereof. This 
5 can improve the cushioning property of the overall arranging structure, and 
adjust the sound absorbing property and sound insulating property. 

Next, description will be made on examples of the floor laying material, 
piece mat, and arranging structure thereof, described above. 
(Configuration of Each Example and Each Comparative Example) 
10 <Example 1> 

On the following permeable floor laying material 10, the following 
piece mat 20 was arranged. 

Used for floor laying material 10 in this example was one which was 
fabricated by laminating buffer material layer 12 made of polyester fiber felt 
15 having a thickness of 30 mm and a density of 0.1 g/cm3 on carpet layer 1 1 
made of a needle punch carpet having a flow resistance value of 400 Nsm-3. 

Also, used for piece mat 20 in this example was one having a flow 
resistance value of 100 Nsm-3 which was fabricated by layering cushion 
material layer 24 made of polyester resin unwoven fabric at 100 g/m2 per 
20 unit area on base cloth layer 22 which bore knitted pile layer 21 at 600 g/m2 
per unit area, with the back surface of the base cloth at 120 g/m2 per unit 
area being applied with latex work of an SBR (styrene-butadiene-rubber) 
resin, through an adhesive layer, as joining strips 23, formed by dispersing 
short fibers of polyethylene resin at 100 g/m2 per unit area. 
25 <Example 2> 

On the same floor laying material 10 as Example 1 , the following 



23 



piece mat 20 was arranged. 

Used for piece mat 20 in tiiis example was one having a flow 
resistance value of 500 Nsm-3 which was fabricated by adhering cushion 
material layer 24 made of polyester resin unwoven fabric at 250 g/m2 per 
5 unit area on base cloth layer 22 which bore knitted pile layer 21 of 600 g/m2 
per unit area, with the back surface of the base cloth at 120 g/m2 per unit 
area being applied with latex work of an SBR resin, through an adhesive 
layer, as joining strips 23, formed by dispersing short fibers of polyethylene 
resin at 1 50 g/m2 per unit area. 

10 <Example 3> 

On the same floor laying material 10 as Example 1 , the following 
piece mat 20 was arranged. 

Used for piece mat 20 in this example was one having a flow 
resistance value of 1000 Nsm-3 which was fabricated by adhering cushion 

15 material layer 24 made of polyester resin unwoven fabric at 550 g/m2 per 
unit area on base cloth layer 22 which bore knitted pile layer 21 of 600 g/m2 
per unit area, with the back surface of the base cloth at 120 g/m2 per unit 
area being applied with latex work of an SBR resin, through an adhesive 
layer, as joining strips 23, formed by dispersing short fibers of polyethylene 

20 resin at 350 g/m2 per unit area. 
<Example 4> 

On the same floor laying material 10 as Example 1 , the following 
piece mat 20 was arranged. 

Used for piece mat 20 in this example was one having a flow 
25 resistance value of 1 500 Nsm-3 which was fabricated by adhering cushion 
material layer 24 made of polyester resin unwoven fabric of 700 g/m2 per 
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unit area on base cloth layer 22 which bore knitted pile layer 21 at 600 g/m2 
per unit area, with the back surface of the base cloth of 120 g/m2 per unit 
area being applied with latex work of an SBR resin, through an adhesive 
layer, as joining strips 23, formed by dispersing short fibers of polyethylene 
5 resin at 500 g/m2 per unit area. 
[Comparative Example 1] 

Only the same floor laying material 10 as Example 1 was used, but no 
piece mat was arranged on floor laying material 10. In other words, in this 
comparative example, the flow resistance value of the piece mat is zero. 
10 [Comparative Example 2] 

On the same floor laying material 10 as Example 1, the following 
piece mat was arranged. 

Used for the piece mat in this comparative example was impermeable 
one which was applied with a gummous backing material at 1300 g/m2 per 
15 unit area on the back surface of a base cloth of 120 g/m2 per unit area which 
bore a knitted pile layer of 600 g/m2 per unit area. In other words, in this 
comparative example, the flow resistance value of the piece mat is infinite. 
[Comparative Example 3] 

On the same floor laying material 10 as Example 1 , the following 
20 piece mat 20 was arranged. 

Used for piece mat 20 in this comparative example was one having a 
flow resistance value of 2000 Nsm-3 which was fabricated by layering 
cushion material layer 24 made of polyester resin unwoven fabric at 800 
g/m2 per unit area on base cloth layer 22 which bore knitted pile layer 21 of 
25 600 g/m2 per unit area, with the back surface of the base cloth at 1 20 g/m2 
per unit area being applied with latex work of an SBR resin, through an 



adhesive layer, as joining strips 23, formed by dispersing short fibers of 
polyethylene resin at 550 g/m2 per unit area. 
(Evaluating Method) 

(1) Evaluation of Vertically Incident Sound Absorption Rate and 
5 Transmission Loss (Sound Insulation) in Laboratory: 

Samples were fabricated corresponding to arranging structures of the 
floor laying material with the piece mat of each example and each 
comparative example, and the sound absorption rate was measured in a 
range of 400 to 4000 Hz when noise was incident on each of these samples 

10 from a pile direction of the piece mat, and the results of the measurements 
were compared with one another. Also, for each of combinations of the 
respective samples with a panel made of a steel plate of 0.8 mm thick, 
similar to the actual vehicle, a transmission loss was measured in a range of 
400 to 4000 Hz when noise was incident from the panel side, and the results 

1 5 of the measurements were compared with one another. 

(2) Evaluation on Noise Level within Automobile Cabin with Actual Vehicle: 

Samples corresponding to arranging structures of the floor laying 
material and piece pat of each example and each comparative example were 
placed in an experimental vehicle which was sedan type automobile provided 

20 with an engine, the displacement of which was 2500 cc, on the front side, 
and the experimental vehicle was run at a constant velocity of 60 km per 
hour on a dynamo which corresponded to a rough road surface to measure a 
noise level in a range of 1 25 to 4000 Hz with a microphone placed at the 
position of an ear of a driver in the automobile cabin. 

25 The piece mats were set at feet of a driver's seat, an assistant's seat, 

and a rear seat, and above a tunnel of the rear seat. A total area of the 
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surfaces of the piece mats was set to approximately 1 .5 m2. in this event, 
the area of the surfaces of the piece mats occupies approximately 30 % of 
the area of the surface of the floor laying material. 
(Evaluation Result) 
5 Fig. 7 is a graph shovy^ing the result of measuring the vertically 

incident sound absorption rate in the range of 400 to 4000 Hz in the 
laboratory, Fig. 8 Is a graph showing the result of measuring the transmission 
loss in the range of 400 to 4000 Hz In the laboratory, and Fig. 9 is a graph 
showing the result of measuring the noise level at the position of the ear of 

10 the driver within the cabin of the actual vehicle. 

Except for Comparative Example 1 , the flow resistance value of the 
piece mat is the smallest in Example 1 , and is smaller in the order of 
Examples 2, 3, 4, and further smaller in the order of Comparative Examples 
3, 2. From the foregoing, It can be understood from Fig. 7 that the vertically 

IS incident sound absorption rate is higher substantially over the whole 
frequency band in the order in which the piece mats have smaller flow 
resistance values. Contrary to this, it can be understood from Fig. 8 that the 
transmission loss is higher substantially over the whole frequency range in 
the order in which the piece mats have higher flow resistance values. Also, 

20 it can be understood from Fig. 9 that the noise level at the position of the ear 
of the driver within the automobile cabin is higher over the whole frequency 
band in the order in which the piece mats have higher flow resistance values. 

Here, Comparative Example 1 presents the flow resistance value of 
the piece mat which is substantially zero, and as shown in Fig. 7, the 

25 vertically incident sound absorption rate of Comparative Example 1 is lower 
than Example 1 though the flow resistance value is smaller than that of 
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Example 1 . Presumably, this is because, though the piece mat itself also 
absorbs vertically incident sound to some degree, Comparative Example 1 
has no piece mat, so that it cannot benefit from the sound absorbing property 
exhibited by the piece mat itself. 

While the foregoing description has been made using an example in 
which floor laying material 10 and piece mat 20 are anranged within a cabin 
of a passenger automobile, the sound absorbing effect and sound insulating 
effect described above can be provided as well when these floor laying 
material 10 and piece mat 20 are arranged in a cabin of a bus or a track, or 
in a cabin of any vehicle such as a ship, a train, an airplane, and the like. 
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